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On Refraction. 249 
which cannot be accomplished at once on the potter's wheel. 
One man and a boy are capable of making from teu to twelve 
hundred per day. The principle is peculiarly adapted for the 
formation of a number of chemical apparatus, muffles, retortsj 
tubes, &c. 
LIV. On Refraction. By J. R~aD~, M.D. 
To Dr. Tilloch. 
Sin, ~ A v~RY eommon experiment, no less interesting than 
surprising, is shown in lecture-rooms for the porposeof illustrating 
the theory of refraction. A piece of money is placed at the bot- 
tom of an empty basin, the experimenter retiring until tile edge 
intereepts the object: an assistant hen pours in water; the piece 
of money seems to rise over the edge, beeoming perfectly.visible 
and well defined. This experiment seldom fails to surprise the 
audienee~ handed down from one generation to another, even 
from the days of Aristotle; yet I am led to believe the real eause 
is little understood. Mr. Harris gives the following explanation 
in his Opties, page 25: 
~ Henee (says this writer) we have the common ph~enomenon 
of a shilling or other object placed in an empty vessel~ appearing 
to be elevated higher and higher as the 
vessel is filled with water. Suppose the 
vessel empty, B K its side, -and Q the 
object at the bottom ; if the eye be at 
c, the object will be hid by the side B 
K, but by filling the vessel it will be- 
come visible and be seen at G;  the 
ray Q B being refracted or bent into 
]3 c ; and if the eye be so placed as to 
see the object at Q when the vessel was 
empty; while it is filling the ohjeet will appear to rise gradually 
in the line Q G. Hence the pieee of money appears one quar- 
ter nearer the eye than it really is: and on the same principle a 
river is one quarter deeper than it appears. Q A : G A : : 4 : 3 . "  
Independently of those experiments, there are insurmountable 
objections to this reasoning. How can any bending of th e rays 
of light bring the object nearer to the eye ? If  we bend a piece of 
iron wire, we certainly shorten the length it extended ; but if the 
rays of light were so bent, they wotild fall short of the object : 
besides, if the rays were bent at B, on pass;ng from water into 
air, a tube bent in the same direction should enable us to see the 
objeet; which is never the case. However, it is unnecessary to 
bring forward more objections than the following experiment. 
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23o On Refraction. 
Exp. l . - -Having placed a piece of money at the bottom of 
a wine-glass on the table, 1 made the edge intercept my view ; 
on pouring in a small quantity of water the shilling seemed to 
rise; I now perceived two images of the object, one at the bot- 
tom, and another floating at the top of the water, very apparent 
when the glass was a little inclined to the eye. This floating 
image was agitated by every movement of the water. To ascer- 
tain whether this image was the real cause of vision, I held the 
glass above my ey% and saw the image floating by reflection on 
the surface of the water, as well defined as if reflected from the 
face of a mirror. Further to convince myself that it is this float- 
ing image we see, and not the shilling at the bottom of the 
vessel, I brought'my eye on a line with the image, and then gently 
lowering the glass, at the same time keeping my eye intently 
fixed on it, I saw the image by transmitted rays. Thus the 
floating image was seen by the eye, above, on a line with, and be- 
low the water. But it may be objected, If the image were at 
the surface of the water~ why see it on looking into the vessel 
much deeper than that surface ? This objection is answered by 
analogy with reflecting mirrors; for if we place two candles at 
diffel ent distances, although the images are both evidently formed 
and reflected fi'om the same surface, yet they appear to the ob- 
server at very different distances behind the glass. Let us how 
draw a few optical inferences from this interesting experiment. 
1st. We may infer thatwhen we look through refracting media~ 
such as telescol)es, microscopes, pectacles, &e. we take our ideas 
not from the rays immediately sent from the object itself to the 
eye, nor fi'om imaginary images at~foci, but from images formed 
in the body of the refracting media. For example : In this ex- 
periment, we take our ideas not immediately from the shilling 
which is covered by the rim of the vessel, but froth an image 
formed perpendicularly over it at the surface of the water, which, 
as already mentioned, can be seen by an eye above, below, and 
on a line, or in the same plane with the surface of the water. 
2dly, That there is here no bending : in this experiment the light 
passes in straight lines fi'om the object at the bottom to the 
image at the surface, and likewise in straight lines from the 
image to the eye of the spectator ; there is no bending what- 
ever. 
Exp.  2 .~Hav ing  procured from the glass-house a soled glass 
globe about two inches in diameter, I endeavoured to look through 
it at the window, but could only perceive a confilsed light, with- 
out any al~pearance of the fi'ames or window; but on withdrawing 
my eye a few inches, I saw not only an inverted image of the 
windo% but even the smallest fly became distinct and well de- 
fined. Could any person in this experiment venture to say that 
we 
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On Refraction. 251 
we take our ideas immediately from the object, and not from the 
inverted image of that object seeming to float on the posterior 
surface of the solid sphere ? To argue that we could see better at 
a distance than close to any object, would be absurd. Indeed it 
is evident from this experiment, as well as fi'om the former, that 
we take our ideas from the inverted image floating on the poste- 
rior surface of the globe, and not from the object, which is as in- 
visible as if it were placed behind our backs. When an oar ap- 
pears bent in the water, the image of the immersed part is one- 
fourth nearer to the eye than the rest, consequently it appears 
bent, or as if broken. 
Exp. 3. - -When we hold a black pencil or any other substance 
behind a cylindrical tumbler of clear water, when the pencil is 
close behind the glass we perceive a magnified inaage ; on with- 
drawing the pencil to vet a greater distance, this image becomes 
more and more magnified, and two other images laterally everted 
are seen at the sides of the tumbler; at yet a greater distance we 
lose sight of the anterior or magnified image ; the two lateral ones 
floating towards each other, at last form one well defined everted. 
image at the posterior surface, fl'om whieb; and not immediately 
from the object, we takeour ideas, the object itself being per- 
fectly invisible. 
Rays of light diverge, instead of eonverglng, in a convex lens ; 
neither do they cross to form pictures of objects, as generally 
believed. 
Should I be enabled to establish these as facts, 1 strike at the 
very root of optical science, which I am sanguine nough to be- 
lieve is likely at no very distant period to undergo as great, if 
not a greater evolution" than the science of chemistry. From 
the earliest aera, when lenses were first discovered, to the present 
time, philosophers eeing that on emergence the rays formed a 
emle, and then crossed, laid it down as an analogical inference, 
that they also converged in the body of the glass medium. When 
we find mathematicians measuring the sines of refraction, with 
a ridiculous accuraey~ we cannot help smiling at such waste of 
time and trouble, when informed by direct and incontrovertible 
experiments, that nature and the philosophers were travelling very 
opposite roads. Although every school-boy on looking through 
his burning-glass, and every old woman through her spectacles, 
saw objects enlarged ; yet the philosophers~ instead of repeating the 
experiments, set about explaining their fanciful theories by the 
greatest absurdities, and it is looked on as a sort of sacrilege to 
call {'n question the opinions of a Newton. However, it should be 
remembered that in former ages the aur0~ ~,~ of Pythagoras 
was held ir~ equal if not greater estimation, and that it is only 
1 i 2 within 
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252 On Refraction. 
within a few years that the organon of Aristotle has given place 
in our colleges to the novum organum of Bacon. 
Having formed the letter T on a sheet of white paper, I held 
the piano-convex lens immediately over it, when it appeared 
considerably enlarged in all its dimensions: on raising the lens 
about two inches from the paper, two inverted images appeared 
nearer to the eye, and floating on the posterior surface, forming 
a kind of circular appearance, in the centre of which the erect 
image appeared very much enlarged; at vet a greater distance 
from the eye, the erect image became so diverging and confused 
as nearly to be invisible, and the two inverted images coalesced 
and formed in one very distinct inverted image, which diminished 
in size with every increase of distance. It immediately occurred 
to me, that this union of these inverted images was the focus of 
tile lens, and consequently that the rays never cross to form pie- 
tures. To prove this in the most satisfactory manner, we have only. 
to give a circular movement to the lens held over the letter T, 
and we find the image will become inverted at the top and bot- 
tom, erect when at the sides. I next looked through the l ns at 
a lighted candle; when dose to my eye it appeared magnified; oll 
slowly withdrawing my eye to about two inches, I perceived two 
inverted images around the erect one, which formed a brilliant 
and luminous circle, margined on the outside by bright orange 
rays, such exactly as we see in the circle of light before the rays 
are brought o a focus on a sheet of white paper : on now with- 
drawing my eye to yet a greater distance, 1 found this luminous 
circle, formed by these two inverted images, to diminish or con- 
tract, and when coalesced, they formed at about wo inches and a 
half from the eve a beautiful inverted image of tile candle : as 
the eye was further removed, this image diminished in size. 
Here we have two sets of images perfectly distinct from one an- 
other and 6beying different laws~ the erect image magnified, the 
inverted images diminished by every increase of distance. I now 
held the lens opposite the lighted candle, and before a sheet of 
white paper ; at the distance of an inch [ perceived a luminous 
circle, margined with orange rays exactly similar to that I saw 
when looking through the lens at the candle, and formed by the 
lateral i0aages : on repeating this experiment, any person may be 
couvinced that there is no ero~ing of rays to form these images, 
as ill fact the inverted image is distinctly seen before the apex of 
a cone is formed. Further to convince, I shall mention the fol- 
lowing conclusive xperiment. 
Exp. 5.--Having held the glass globe filled with water' op- 
posite a lighted candle, we find a welt defined erect imago 
formed i on placing the plano.convex lens immediately over it, 
the 
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On Refraction. 253 
the erect image becomes considerably magnified, and the inverted 
images are seen rotating a luminous circle around; and, as the 
lens is distanced, they contract or coalesce into one inverted image 
forming the focus. This may be esteemed an experimentur~ 
crucis. The following figure may 
esting subject, b a lighted can- 
dle ; a, a small erect image formed 
on the convex surface of the lens 
by reflection,transmits the rays e,f, 
to form the magnified image seen 
by an eye at e , f .  c ,d ,  twoin-  
verted images formed by diverging 
rays striking and reflected from the 
concave surface, and travelling to 
serve to illustrate this inter- 
. t~ 
g and h, forming a luminous circle, margined by orange rays. 
Dr. Herschel justly remarked that the greatest heat was beyond 
the focus or image ; and I have found by repeated experiments 
that inflammation does not take place at the image of the sun, 
but on the crossing of the rays. The focus g, h, is produced by 
reflectiorls from c, d, and therefore I would suggest the term re- 
fleeted instead of geometric focus. 
When we look at a book through a convex lens, the letters are 
not onlymagnified in all their dimensions, but they appear much 
blacker and better defined, and also much nearer to the eye. How 
could any bending of the rays produce these effects ? The inter- 
position of a semi-transparent substance, such as a glass lens, 
would undoubtedlydiminish instead of increasing the brightness of 
the letters, if we took our ideas immediately from the object; but 
on the other hand, when we admit that an image is formed and 
painted on the posterior surface of the lens, this image being 
much nearer to the eye would account for the appearance. 
I shall not enter into the subject of the identity of heat and 
light, further than to remark, that the heat is in all probability 
in a great measure to be attributed to the reflection of the. rays 
from c and d, and not from any separation of calorific and lumi- 
nous rays ; indeed the discovery already announced in your Jour- 
nal, and in the experimental outlines, that the prism has a ca- 
lorific focus, must for ever se': at rest Dr.Herschel's peculations ; 
and if I had no further argument in opposition to Sir Isaac New- 
ton's opinions, this fact would be sufficient o convince any un- 
prejudiced reader that the solar ray was never separated by that 
great man. I am ready to admit that the calorific focus of a 
convex lens is somewhat removed from the focus of light. The 
images at c, d, form a luminous circle, while the other rays re- 
flected at different angles~ according to the aliglcs of incidence, 
form 
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254 ProcesJ f i s  preventing Ropiness in Wi es. 
form a calorific focus at yet a greater distance, light not beix~g 
converted into heat until it is reflected. 
In my next I shall endeavour to support Leibnitz's Theory of 
Refraction, and shall give some new experiments with the prism. 
Sir~ I remain 
Your obedient servant, 
Cork, May 24, 1821. J. R~A:O~, M.D. 
LV. Process for preventing and correcting an Imperfection in 
l~znes, known by theName of Ropiness. B!/ M. H:ERPIJN ~'. 
l~op~NEss of wines is a kind of spontaneous decomposition which 
gives them ~ consistence similar to that of oil. The wine at- 
tacked by ropiness becomes fiat and insipid; it turus yellow when 
poured out, runs in a thread like oil, and loses its natural fluidity. 
It froths with difficulty by agitation, and disagrees with the sto- 
mach. This alteration, which attacks wines during their insensi- 
ble fermentation, is the more injurious as the aleohal already 
formed is destroyed to enter into new combinations : ropy wine, 
therefore, submitted to distillation, gives but a small quantity 
of brandy, which is of a bad quality, and which has a taste so 
much the more empyreumatie as the wine distilled is more mu- 
cilaginous. 
It is remarked that white-wlnes eldom turn ropy while in 
cask, but that they do frequently when in bottle. 
The remedy for recovering ropy wine, consists in dissolving 
from six to twelve ounces of acidulous tartrite of p.otash (cream 
of tartar), and an equal quantity of coarse sugar~ m a gallon of 
wine heated to boiling. This mixture is to be poured warm into 
tile ropy wine, the cask is to be stopped up and shaken for five 
or six minutes, and then put ill its place with the bung turned 
downward. After resting for a day or two in that position, the 
cask is to be turned and the wine fined in the usual way; but in- 
stead of stirring it through the bung-hole, as commonly practised, 
the cask is to be shaken fbr a few minutes and put in its pierce 
with the bung turned up. In four or five days the wine will be 
clear, dry, limpid, and completely freed from ropiness ; but as it 
cannot safely remain upon the sediment, it must be drawn off, 
after which it will not be liable to become ropy again. If the 
ropy wine is i~a bottles, they should be emptied into a eask~ to 
u~ldergo the preceding operation. 
* From Bulletin de la Soci~tg~l'Encouragement. 
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